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LIPOSOIVIES FOR TREATMENT OF B-CELL 
AND T-CELL DISORDERS 

The present invention is a continuation-in-part of Ser. 
No. 08/040,544, now U.S. Pat. No. 5,527,528, ?led Mar. 31, 
1993, which in turn is a continuation-in-part of Ser. No. 
07/642,371, now U.S. Pat. No. 5,213,804, ?led Jan. 15, 
1991, which in turn is a continuation-in-part of Ser. No. 
07/425,224, now U.S. Pat. No. 5,013,556, ?led Oct. 20, 
1989. 

FIELD OF THE INVENTION 

The present invention relates to a method of treating 
disorders derived from B-lymphocyte or T-lymphocyte lin 
eage cells by administering liposomes having an encapsu 
lated agent and attached antibodies for speci?c binding to 
the affected B-cells or T-cells. 
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BACKGROUND OF THE INVENTION 

The plasma cell disorders are monoclonal neoplasms 
related to one another by virtue of their development from 
common progenitors in the B-lymphocyte lineage. Included 
in this group of plasma cell disorders are multiple myeloma, 
Waldenstrom’s macroglobulinemia, and primary amyloido 
sis (Harrison). 
Under normal circumstances, maturation to antibody 

secreting plasma cells is stimulated by exposure to the 
antigen for which the surface immunoglobulin is speci?c. 
However, in the plasma cell disorders the control over this 
process is lost. 

Multiple myeloma represents a malignant proliferation of 
plasma cells. The disease results from the uncontrolled 
proliferation of plasma cells derived from a single clone. 
The tumor, its products, and the host response to it result in 
a number of organ dysfunctions and symptoms of bone pain 
or fracture, renal failure, susceptibility to infection, anemia, 
and other symptoms. 
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2 
The vast majority of patients with myeloma require 

therapeutic intervention, and chemotherapy is one common 
therapy. Conventional chemotherapy can be elfective 
against the malignant plasma cells in the bone marrow, but 
is often ineffective in killing the regenerative blood-bome B 
cells which are responsible for patient relapse, as the malig 
nant B cell population often become multidrug resistant, 
making treatment dif?cult. It has recently been shown that 
the malignant B cell population is responsible for repopu~ 
lating the bone marrow and causing patient death (Pilarski). 
The leukemias are a heterogeneous group of neoplasms 

arising from the malignant transformation of hematopoietic 
cells. Leukemic cells proliferate primarily in the bone mar 
row and lymphoid tissues where they interfere with normal 
hematopoiesis and immunity. Ultimately they emigrate into 
the peripheral blood and in?ltrate other tissues (Harrison). 

Leukernias are classi?ed according to the cell types 
primarily involved, myeloid or lymphoid, and as acute or 
chronic based upon the natural history of the disease. Acute 
leukemias have a rapid clinical course, resulting in death 
within a matter of months without effective treatment. 

Acute lymphocytic leukemia is one example, where 
approximately 60 percent of acute lymphocytic leukemia 
cases are common acute lymphocytic leukemia, where the 
cells are Tdt-positive and have the common acute lympho 
cytic leukemia antigen but do not express surface membrane 
immunoglobulin or T-cell antigens. These cells are usually 
derived from precursors of the B-cell lineage. 
About 20 percent of acute lymphocytic cases are of the 

T-cell type, where the T-lymphoblasts express the E~rosette 
receptor or other T-lymphocyte related antigens. T-cell acute 
lymphocytic leukemia usually occurs in adolescent males 
and is associated by a high leukocyte count and an anterior 
mediastinal mass. 

The malignant lymphomas, in contrast to leukemias, are 
neoplastic transformation of cells that reside predominately 
in lymphoid tissues. Non-Hodgkin’s lymphomas are derived 
from both B-cell and T-cell origins (Harrison), where 90% 
of all cases of non-Hodgkin’s lymphomas are of B-cell 
derivation and the remaining 10% are of T-cell derivation. 

SUMMARY OF THE INVENTION 

In one aspect, the invention includes a method of treating 
a subject having a disorder characterized by a neoplasm of 
B-lymphocyte lineage cells or T-lymphocyte lineage cells. 
The method includes administering to the subject, a suspen 
sion of liposomes having a surface coating of polyethylene 
glycol chains effective to increase the blood circulation 
lifetime of the liposomes severalfold over that of liposomes 
in the absence of such coating. The liposomes contain, in 
liposome-entrapped form, a chemotherapeutic agent. 
Covalently attached to the distal ends of a portion of chains 
in the liposome polyethylene glycol surface coating, are 
antibodies or antibody fragments effective to bind to an 
antigen speci?c to the affected B-cells or T-cells. 
The liposomal surface coating is provided by a coating of 

polyethylene glycol having a molecular weight of between 
about 500—10,000 daltons. Preferably, the molecular weight 
is between 500—5,000 daltons, most preferably between 
500—2,000 daltons. 

In a preferred embodiment, the antibodies attached to the 
distal PEG ends of the liposomes are anti-CD19, anti-CD20 
or anti-CD22, for speci?c binding to a B-cell antigen. Such 
a composition is effective for treatment of disorders derived 
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from B-cells, such as multiple myeloma, acute lymphocytic 
leukemia and B-cell lymphoma. 

In another embodiment, the attached antibodies are anti 
CD4 or anti-CD8 for binding to a T-cell antigen, for treat 
ment of disorders such as T-cell lymphoma or acute lym 
phocytic leukemia. 
The liposomes may contain, in liposome entrapped form, 

a therapeutic agent, such as doxorubicin or vincristine. 

These and other objects and features of the invention will 
be more fully appreciated when the following detailed 
description of the invention is read in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the antibody-liposome composition of 
the present invention, in which antibodies or antibody frag 
ments are attached to the free ends of polyethylene glycol 
chains surrounding a liposome; 

FIGS. 2A-2B show steps of one synthetic approach for 
forming a maleimide of a DSPE carbamide of polyethylene 
glycol his (amine) which can be used for further coupling to 
an antibody or antibody fragment; 

FIG. 3A shows an exemplary method for synthesizing a 
DSPE lipid derivatized with a PEG chain containing a 
terminal hydrazide group for coupling to aldehyde or ketone 
groups of an antibody; 

FIG. 3B shows one synthetic approach for forming DSPE 
derivatized with a PEG spacer chain having a terminal 
hydrazide group (shown in protected form); 

FIG. 4 shows steps for the synthesis of a disul?de 
linkage-containing propionamide of a DSPE carbamide of 
polyethylene glycol bis (amine) and subsequent covalent 
coupling to a thiol group of an antibody; 

FIG. 5 shows one exemplary method for coupling an 
antibody containing terminal hydroxy groups to a liposome 
attached polyethylene glycol chain having a reactive 
hydrazide group at its free end; 

FIG. 6 is a plot of drug residence time in the blood, 
expressed in terms of percent injected dose as a function of 
hours after intravenous injection in rats, for liposomes 
containing 67Gallium and a bound antibody IpG (O) or 
liposomes with no bound antibody (A); 

FIGS. 7A-7C are plots showing binding in Namalwa cells 
at 37° C. (FIG. 7A) and at 4° C. (FIG. 7B), and in H9 cells 
at 37° C. (FIG. 7C), where binding is expressed in nmoles 
phospholipid/l0‘5 cells, as a function of phospholipid con 
centration, in nmoles/ml, of immunoliposomes having an 
attached anti-CD19 antibody (I), liposomes (El) and immu 
noliposomes plus excess free anti-CD19 antibody (V); 

FIG. 8 shows binding in human spleen cells of irrununo 
liposomes having an attached antibody via a hydrazide 
linkage (rfr), immunoliposomes having an attached antibody 
via a PDP linkage (0), liposomes with an active hydrazide 
temiinus (El), liposomes with an active PDP terminus (A) 
and for conventional liposomes (no PEG coating) (O); 

FIG. 9 shows binding in human peripheral blood mono 
nuclear cells of immunoliposomes having an attached anti 
body via a hydrazide linkage (I), immunoliposomes having 
an attached antibody via a PDP linkage (A), liposomes with 
an active hydrazide terminus (El), liposomes with an active 
PDP terminus (A) and for conventional liposomes (no PEG 
coating) (O); 

FIGS. 10A-10G show FACS analyses for the association 
of ?uorescent-labelled liposomes with Namalwa cells, plot 

20 

45 

55 

60 

4 
ting the relative number of cells as a function of the 
?uorescence intensity for the cells alone (A), free anti-CD19 
antibody (B), immunoliposomes with attached anti-CD19 
antibody (C), conventional liposomes (no PEG coating) (D), 
liposomes (E), immunoliposomes with an attached isotype 
matched, non-speci?c IgGM antibody (F), and excess free 
anti-CD19 antibody plus immunoliposomes with attached 
anti-CD19 antibody (G); 

FIGS. 11A~11F show FACS analyses for the association 
of ?uorescent-labelled liposomes with human spleen cells, 
plotting the relative number of cells as a function of the 
?uorescence intensity for the cells alone (A), free anti-CD19 
antibody (B), immunoliposomes with attached anti-CD19 
antibody (C), conventional liposomes (no PEG coating) (D), 
liposomes (E), and immunoliposomes with an attached 
non-speci?c IgGZA antibody (F); 

FIGS. 12A-12H show FACS analyses for the association 
of ?uorescent-labelled liposomes with CDl9-negative T 
cells, plotting the relative number of cells as a function of the 
?uorescence intensity for the T cells alone (A), free anti 
CD4-PhE antibody (13), anti-CD8-PhE antibody (C), free 
anti-CDl9-FITC antibody (D), conventional liposomes (E), 
liposomes (F), immunoliposomes with attached anti-CD19 
antibody (G) and immunoliposomes with an attached non 
speci?c IgGM antibody (H); 

FIGS. 13A—13F show two color ?ow cytometry for 
selective recognition of immunoliposomes by B cells using 
FACScan, showing the cells alone (A), anti-CDl9-PITC and 
anti-CD4,8-PhE to stain the B and T cells, respectively (B), 
NED-immunoliposomes with anti-CD19 attached and anti 
CD4,8-PhE (C), NBD-immunoliposomes with anti-CD19 
attached and anti-CDZO-PhE (D), NBD-liposomes and anti 
CD4,8-PhE (E) and NED-liposomes and anti-CDZO-PhE 
(F); 
FIGS. 14A-14D show cell cytotoxicity studies using the 

DAPI assay for cellular DNA content of peripheral blood 
mononuclear cells, where the DAPI pro?les are shown of B 
cells following treatment with free doxorubicin and with 
doxorubicin encapsulated in PEG-coated immunoliposomes 
(A, B) and of T cells following similar treatments (C, D); 

FIG. 15 shows percent survival of mice injected with 
Namalwa cells as a function of days survived after no 
treatment (control, A) and after a single dose of 3 mg/kg 
doxorubicin, administered intraperitoneally in free form (0), 
entrapped in liposomes (El), entrapped in irrununoliposomes 
administered in a single dose of 3 mg/kg, (I) and entrapped 
in immunoliposomes administered in a single dose of 6 
Ins/kg (A); 

FIG. 16A shows percent survival of mice injected with 
Namalwa cells as a function of days survived after no 
treatment (control, C) and three intraperitoneal injections of 
3 mg/kg doxorubicin, administered in free form (0), 
entrapped in liposomes (El), and entrapped in immunolipo 
somes (I); and 

FIG. 16B shows percent weight change as a function of 
days for the mice described in FIG. 16A, where weight 
change is shown for mice treated with saline (I), free 
doxorubicin (O), liposome entrapped doxorubicin (V), and 
immunoliposome entrapped doxorubicin (III). 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides a method of treating a 
subject having a disorder characterized by a neoplasm of 
B-lymphocyte or T-lymphocyte lineage cells. Such disorders 
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include, but are not limited to, blood plasma disorders which 
are derived from a B~cell origin and include multiple 
myeloma, Waldenstrom’s macroglobulinemia, and primary 
amyloidosis. Lymphomas, both B-cell lymphoma and T-cell 
lymphoma, and acute lymphocytic leukemia are also disor 
ders suitable for treatment in accordance with the method of 
the invention. 
The method includes administering to the subject a sus 

pension of liposomes having an extended blood circulation 
time by virtue of a surface coating of polyethylene glycol 
chains, and containing a liposome-entrapped drug. Antibod 
ies or antibody fragments are attached covalently to the 
liposomes, as described below, for speci?c targeting of the 
immunoliposomes to the affected cells. 
I. De?nitions 
The following terms, as used herein, have the meanings as 

indicated: 
Immunoliposome refers to a liposome having a surface 

coating of polyethylene glycol (PEG) chains, and antibodies 
or antibody fragments covalently attached to the distal or 
free ends of a portion of the PEG chains. The immunolipo 
some may alternatively contain a surface coating of PEG 
chains, a portion of which have a ligand covalently attached, 
at the free ends, that recognizes a speci?c target molecule or 
epitope. The immunoliposome may have an entrapped thera 
peutic agent. 

Liposome refers to a liposome having a surface coating of 
PEG chains, with no surface-attached antibody. The lipo 
some may have an entrapped therapeutic agent. 
II. Immunoliposome Compositions 
An immunoliposome prepared in accordance with the 

invention is illustrated in FIG. 1. The ?gure shows a portion 
of the outer bilayer 10 of a liposome 12 having an outer 
surface 14. The liposome may include additional bilayers. 
The outer bilayer itself is composed of confronting lipid 
layers 10a and 10b which are the interior and exterior lipid 
layers, respectively, of the bilayer, each layer being com 
posed of vesicle-forming lipids, such as phospholipids and 
cholesterol. Methods for forming liposomes suitable for use 
in the composition are described below. 
The liposome includes an antibody or an antibody frag 

ment, such as antibody 16, which is bound to the outer 
liposome surface by covalent attachment to hydrophilic 
polymer chains, such as chains 20, which are also carried on 
the liposome’s outer surface. The polymer chains form a 
polymer layer about the liposome surface which allows the 
liposomes to circulate in the bloodstream over an extended 
period of time compared to liposomes lacking the polymer 
coating. 
The antigen recognition region, such as antigen recogni 

tion region 22, of the antibody molecule is accessible for 
binding to antigens at a target site. The polymer coating on 
the liposome surface does not affect antigen-antibody inter 
actions. Antibody molecules suitable for use in the inven 
tion, and methods of their attachment to the liposome are 
described below. 
The polymer chains are preferably polyethylene glycol 

(PEG) chains having molecular weights between about 500 
and 10,000 daltons, corresponding to polymer chain lengths 
of about 22 to 220 ethylene oxide units. Preferably the PEG 
molecular weight is between SOD-5,000 daltons, most pref 
erably between 500—2,000 daltons. 
The polymer chains are covalently attached to the polar 

head groups of vesicle-forming lipids as described in co 
owned US. Pat. No. 5,013,556, herein incorporated by 
reference. 
The polymer chain is attached to the liposome through the 

polar head group of a lipid, such as lipid 18, in the outer 
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6 
layer 10 of the liposome bilayer. The chain contains a 
reactive functionalized group at its free end for coupling to 
the antibody, to be described. 
A liposome having an antibody attached to the liposome 

outer surface by a polymer chain, as illustrated in FIG. 1, is 
referred to herein as an immunoliposome. The antibody is 
positioned at the distal, or free ends of a portion of the 
polymer chains. As used herein, liposome refers to a lipo 
some having a surface coating of PEG, but lacking an 
attached antibody. 
A. Lipid Components 
The liposomes of the present invention are generally 

composed of at least three types of lipid components. A ?rst 
type, which will form the bulk of the liposome structure, 
includes any amphipathic lipid having hydrophobic and 
polar head group moieties, and which (a) can form sponta 
neously into bilayer vesicles in water, as exempli?ed by the 
phospholipids, or (b) is stably incorporated into lipid bilay 
ers, with its hydrophobic moiety in contact with the interior, 
hydrophobic region of the bilayer membrane, and its polar 
head group moiety oriented toward the exterior, polar sur 
face of the membrane. , 

The vesicle-forming lipids of this type are preferably ones 
having two hydrocarbon chains, typically acyl chains, and a 
polar head group. Included in this class are the phospholip 
ids, such as phosphatidylcholine (PC), phosphatidylethano 
lamine (PE), phosphatidic acid (PA), phosphatidylglycerol 
(PG), phosphatidylinositol (PI), and sphingomyelin (SM), 
where the two hydrocarbon chains are typically between 
about 14-22 carbon atoms in length, and have varying 
degrees of unsaturation. The above-described lipids and 
phospholipids whose acyl chains have a variety of degrees 
of saturation can be obtained commercially, or prepared 
according to published methods. Other lipids that can be 
included in the invention are glycolipids. _ 
A second lipid component includes a vesicle-forming 

lipid which is derivatized with a polymer chain. The vesicle 
forming lipids which can be used are any of those described 
above for the ?rst vesicle-forming lipid component. Vesicle 
forrning lipids with diacyl chains, such as phospholipids, are 
preferred. One exemplary phospholipid is phosphatidyletha» 
nolamine (PE) with a reactive amino group which is con 
venient for coupling to an activated polymer. An exemplary 
PE is distearyl PE (DSPE). 
The preferred polymer in the derivatized lipid is polyeth 

yleneglycol (PEG), preferably as a PEG chain having a 
molecular weight between SOD-10,000 daltons, more pref 
erably between 500-5,000 daltons, most preferably between 
500-2,000 daltons. Once a liposome is formed, the poly 
ethylene glycol chains provide a surface coating of hydro 
philic chains su?icient to extend the blood circulation time 
of the liposomes in the absence of such a coating. 

Other hydrophilic polymers which may be suitable for use 
in forming the second lipid component of the invention 
include polyvinylpyrrolidone, polymethyloxazoline, poly 
ethyloxazoline, polyhydroxypropyl methacrylamide, poly 
methacrylamide, polydimethylacrylamide, polylactic acid, 
polyglycolic acid, and derivatized celluloses, such as 
hydroxymethylcellulose or hydroxyethylcellulose. 
A third type of lipid component for use in the invention is 

a vesicle-forming lipid which has been modi?ed for cou 
pling antibody molecules to the liposome. In one embodi 
ment, the modi?ed lipid contains a hydrophilic polymer 
chain attached to the lipid. The hydrophilic polymer is 
typically end-functionalized for coupling antibodies to its 
functionalized end. The functionalized end group is prefer 
ably a hydrazide or hydrazine group which is reactive 
























